Cardioprotection by local heating: improved myocardial salvage after ischemia and reperfusion.
Previous studies have shown that expression of the inducible 70-kD heat-shock protein (HSP72) by whole-body hyperthermia is associated with protection against ischemia-reperfusion injury. To develop techniques for regional elevation of heat-shock proteins that prevent extracardiac sequelae during whole-body hyperthermia, we sought to determine if local heating of the heart in vivo provides protection against ischemia-reperfusion injury in the rat. A thermal probe was used to locally heat rat hearts at two adjacent sites on the epicardial surface of the left ventricle. Rats were subjected to either 30 minutes of sham surgery (control; n = 10) or two local applications of the probe at 42.5 degrees to 43.5 degrees C for 15 minutes each (n = 9). After 4 hours, rats were subjected to 30 minutes of regional ischemia followed by 120 minutes of reperfusion. Hearts were removed and area at risk and infarct area were determined. Localized heat stress resulted in a significant limitation of infarct size in heat-treated animals versus controls (mean +/- standard error of the mean infarct area/area at risk = 4.3% +/- 0.85 versus 19.2% +/- 3.4%; p < 0.005). Western blot experiments confirmed elevated HSP72 expression in left (heated) and right (nonheated) ventricular samples from treated animals (n = 6; left ventricular = 5.5-fold; right ventricular = 3.7-fold) compared with sham-operated controls. Controls treated with the probe at 37 degrees C (n = 4) showed no increases in HSP72. Local heating of the heart is associated with elevated levels of HSP72 and improved myocardial salvage. The increase in expression of HSP72 is not limited to the heated region, but extends into nonheated regions of the heart as well. This may lead to the development of new techniques that improve methods of myocardial revascularization and heart transplantation procedures.